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Ethnopharmacological relevance: Heteropterys tomentosa: A. Juss (Malpighiaceae), commonly mistaken
as Heteropterys aphrodisiaca, is chronically used by the Brazilian population to improve general health
due to its claimed protective effects against a wide range of medical conditions.
Aim of the study: This study in rodents aimed to verify the adaptogenic potential of the hydroalcoholic
extracts of the roots (the most commonly used portion), branches and leaves of the plant.
Materials and methods: The phytochemical constitution of the extracts was analyzed through thin-layer
chromatography and high-performance liquid chromatography. Restriction- and cold-induced stress in
rats treated for 14 days with 100 or 300 mg/kg of the extracts were used to evaluate parameters such as
ulceration, adrenals, thymus and spleen weights, as well as ACTH and corticosterone plasmatic levels.
The stress response also was evaluated in mice by self-analgesia induced by restraint stress, after 7 days
of treatment at doses of 100 and 300 mg/kg. The learning and memory of aged rats treated
with extracts of root or branches at the dose of 50 mg/kg for 80 days were evaluated in the elevated
T-maze test.
Results: The chemical constituents of the three parts of the plant were relatively similar in the presence
of saponins, hydrolysable tannins, ﬂavonoids, polyphenols and triterpenes. None of the three extracts
were capable of protecting the stomach from ulcerations in rats submitted to cold restraint stress or
protecting from alterations in adrenal or spleen weight (p40.05). Furthermore, the extracts did not
inhibit increases in plasma levels of corticosterone and adrenocorticotropic hormone. Moreover, the
extracts did not inhibit self-analgesia induced by restraint stress in mice and did not improve the
performance of aged rats in the T-maze test (p40.05).
Conclusion: The tests employed in this study did not show evidence of adaptogenic activity in the three
extracts of Heteropterys tomentosa.
& 2012 Elsevier Ireland Ltd. Open access under the Elsevier OA license. 1. Introduction
The use of plants as tonics, restoratives, aphrodisiacs, to improve
memory and to delay the aging process is common in some regions
of Brazil. These non-speciﬁc uses are characteristic of adaptogenic
plants that are used for preventive health maintenance (Wagner
et al., 1994; Mendes, 2011). Adaptogens are biologically active
substances that improve an organism’s non-speciﬁc resistance to
multiple stress factors and promote adaptation to an exceptional
situation (Wagner et al., 1994; Rege et al., 1999; Carlini, 2003).x: þ55 11 5572 5092.
es).
r the Elsevier OA license. Heteropterys tomentosa A. Juss. (Malpighiaceae) (Heteropterys
tomentosa), popularly known as ‘‘no´-de-cachorro’’, is a plant
endemic to Brazil, largely found in the states of Goia´s and Minas
Gerais. Most published studies to this date have used the name
Heteropterys aphrodisiaca O. Mach., given by Othon Machado
(Machado, 1949), although the species had previously been
described in 1832 by Antoine Laurent de Jussieu. Although some
botanists consider the name Heteropterys aphrodisiaca a synonym,
this name is considered to be botanically incorrect according to
Malpighiaceae specialists (Amorim, 2010; Arau´jo et al., 2010;
Coelho et al., 2011). Roots such as ‘‘garrafadas’’ are chronically
used by the population to improve general health due to their
preventive effects against a wide range of health conditions (Pott
and Pott, 1994; Mendes and Carlini, 2007), similar to adaptogenic
and tonic plants (Panossian et al., 1999).
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hydroalcoholic extract of Heteropterys tomentosa roots indicated
an increase in motor activity, climbing behavior, and stereotypy
traces in mice, suggesting a psychostimulant effect (Galv~ao,
1997). The hydroalcoholic root extract also exhibited an interest-
ing effect on the memory of aged rats. Treatment for 7 or 26 days
increased the retention latency in the passive avoidance test,
indicating an improvement in memory. Old rats chronically
treated with the extract also showed a positive effect on learning
when evaluated in the T-maze test (Galv~ao et al., 2002). A similar
effect was recently demonstrated in this experimental model
using lower treatment doses and shorter times (Galv~ao et al.,
2011).
In addition to its effects on memory and learning, the hydro-
alcoholic extracts of Heteropterys tomentosa root exhibited
remarkable in vitro inhibition of spontaneous lipoperoxidation
in rat brain homogenates. In vivo evaluation by administration of
50 mg/kg of plant extract in old rats showed a reduction in
lipoperoxidation in the brain and an increase in superoxide
dismutase enzyme activity (Mattei et al., 2001), conﬁrming the
in vitro studies.
An important point to consider is that the use of the root as a
medicinal component could compromise the population of the
native species because the botanical materials are obtained
generally by extraction. It is important to verify whether other
parts of the plant can have the same beneﬁcial effects with lower
toxicity. Although the roots are primarily used, there are reports
of various uses for the leaves (Coelho et al., 2011). However, there
have been no pharmacological studies of the leaves and branches.
The present study aimed to compare the phytochemical proﬁle of
extracts from three parts of the plant – roots, branches and leaves
– and to evaluate their pharmacological effects with respect to
their popular use as a tonic against aging and stress.2. Material and methods
2.1. Botanical material
The roots, branches and leaves of Heteropterys tomentosa were
collected in Corguinho, Mato Grosso do Sul, Brazil. A ﬂowered
sample was identiﬁed by Dr. Maria Caˆndida Mamede, a researcher
from the Instituto de Botaˆnica de S~ao Paulo, where it was
deposited (SPF 423724). The botanical material was dried at room
temperature, triturated and kept in amber glass ﬂasks until
extraction. This study was registered in the Conselho de Gest~ao
do Patrimoˆnio Gene´tico from the Brazilian Government/IBAMA
(process #02000.002425/2007-63).
2.2. Extract preparation
Hydroalcoholic extracts from the roots, branches and leaves of
Heteropterys tomentosa were prepared from 100 g of each powder in
1000mL of 50% (v/v) hydroalcoholic solution. Extraction was per-
formed using the turbolysis technique (Franco, 1990). After extrac-
tion, the material was ﬁltered, concentrated under reduced pressure
in a rotational evaporator until it reached 10% of the initial volume,
and lyophilized. The dried residue (lyophilized) was weighed, kept
under refrigeration in a desiccator and resuspended in distilled water
before the test. The average yields obtained from the extracts were
25.0% (roots), 5.7% (branches) and 12.3% (leaves).
2.3. Chemicals
All chemicals used (standard drugs) were reagent or HPLC grade.
Cathechin, taxifolin and rutin were purchased from Sigma-AldrichChemical Co. (St. Louis, MO). Chlorogenic acids were purchased from
Apin Chemicals Ltd. (Abingdon, UK).
2.4. Animals
Male Swiss mice (aged 3–5 months) and male Wistar rats
[aged 3–5 months (young rats) and aged 24–25 months (old rats)]
from the bioterium of the Departamento de Psicobiologia of
Universidade Federal de S~ao Paulo (UNIFESP) were used. The
animals were kept in rooms with a controlled temperature
(2372 1C) and a 12 h light/dark cycle, with water and food
ad libitum. All studies were conducted according to ethical
principles, with approval from the Comiteˆ de E´tica em Pesquisa
da UNIFESP (protocol #58/07).
2.5. Phytochemical analysis
2.5.1. Characterization tests
The three hydroalcoholic extracts (roots, branches and leaves)
were subjected to chemical characterization to identify both the
condensed and hydrolysable tannins (by reaction with FeCl3) and
the saponins (in the foam test) (Marini-Bettolo et al., 1981; Costa,
1994).
2.5.2. Thin layer chromatography (TLC)
Chromatographic proﬁles of the three hydroalcoholic extracts
were obtained by TLC using silica gel as the stationary phase. The
presence of alkaloids, ﬂavonoids, coumarins, lignans, polyphenols,
tannins, saponins, iridoids, naphthoquinones and triterpenoids
was analyzed. For each compound class, speciﬁc mobile phases
and reagents were used, according to Markhan (1982) and
Wagner and Bladt (1996).
2.5.3. High-performance liquid chromatography (HPLC)
Determination of the phenolic compounds was performed on
material pulverized from the roots, branches and leaves.
Three grams of powder was extracted in 30 mL of 80% ethanol
(v/v) with ultrasound for 15 min at 25 1C. The extract of the
Heteropterys tomentosa root (extract BST0298) utilized by Galv~ao
et al. (2002) was also included in the analysis for comparison
purposes. Extracts were ﬁltered and analyzed using a diode array
coupled to a HPLC (Hewlett-Packard 1100), monitored by Chem-
station software.
Compound separation was performed by a Prodigy 5 ODS
2504.60 mm2 column (Phenomenex Ltd., United Kingdom). The
mobile phases were A—water/formic acid (99.9: 0.1) and
B—acetonitrile. The gradient consisted of 20% of B for 2 min,
increasing to 30% of B after 10 min, 50% of B after another 10 min
and 70% of B after an additional 10 min (Duarte-Almeida et al.,
2006). For column cleaning, 90% of phase B was used. Samples
were injected in duplicate, ranging from 5 to 20 mL according to
the sample concentration. Determination was performed by
comparing the retention times and the UV–vis spectra against
those obtained from the standards. The determination was
positive when the similarity between the chromatograms was
equal to or greater than 90%.
2.6. Pharmacological tests
2.6.1. Initial pharmacological screening
Groups of six mice each received Heteropterys tomentosa
extracts at doses of 10, 100 or 1000 mg/kg (orally). Control
animals received the vehicle (distilled water). After administra-
tion, the animals were immediately placed three at a time in wire
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and any behavioral alterations were noted (Carlini, 1972).
2.6.2. Self-analgesia induced by restraint stress
Groups of 10 mice each were treated orally for 7 days with the
three extracts of Heteropterys tomentosa at doses of 100 or
300 mg/kg or with distilled water – stressed control (SC) and
non-stressed control (NSC) groups. One hour after the last treat-
ment, the animals were subjected to the hot plate test (basal
measurement). The test consists of placing the animal on a heated
plate at a constant temperature of 55 1C (71 1C) and measuring
the time that passes until the animal responds to the thermal
stimulus. Animals were then individually placed and restricted
inside plastic tubes for 30 min (except for the NSC group). The
latency to respond to the thermal stimulus was again evaluated
immediately after the stress (Suh et al., 2000).
2.6.3. Restriction- and cold-induced stress
Groups of eight rats each were used. Animals were treated orally
for 14 days with the three extracts of Heteropterys tomentosa at
doses of 100 or 300 mg/kg or with distilled water – stressed control
(SC) and non-stressed control (NSC) groups.
The NSC group was kept in the bioterium without contact with
the stressor agents. The other groups were restricted inside
plastic tubes for 2 h in the morning (8–10 h) and then taken to
the cold chamber (approximately 10 1C) for another 2 h in the
afternoon (16–18 h) after the 7th day of treatment.
On the 14th day, the animals were immobilized in a wire
screen and taken to the cold chamber for 2 h. Immediately
afterwards, the animals were euthanized by decapitation, and
blood samples were collected for the measurement of plasma
levels of adrenocorticotropic hormone (ACTH) and corticosterone,
according to Palma et al. (2000). The stomachs were removed forFig. 1. HPLC chromatograms of the roots, branches and leaves of Heteropterys tomentos
March/1996) monitored at 328 nm. Peaks: (1) catechin; (2) chlorogenic acid; (3) rutinthe evaluation of the degree and index of ulceration, where points
were assigned for signs such as petechiae, discoloration and
number and size of ulcers (Mendes et al., 2007). The thymus,
spleen and adrenals were dissected and weighed with an analy-
tical balance.2.6.4. Learning in the T-maze test
Groups of 14 rats with ages of 24–25 months at the beginning of
the experiment received distilled water (old control) or 50 mg/kg of
Heteropterys tomentosa root or branch extract for 80 days. Leaf extract
was not used in this test due to limitations in the availability of
botanical material. An extra group of 3-month-old rats (n¼12, young
control) received water daily for the same amount of time.
The experimental procedure in the maze was started on the
81st day, and treatment continued daily until the end of the test.
Animals were trained and tested individually in the T-maze test
according to Mendes et al. (2007). The reward was always given
in the opposite arm from that chosen in the ﬁrst trial in the ﬁrst
session. The rat was rewarded if it chose the reinforced arm, and it
was conﬁned for 30 s without reinforcement if it chose the wrong
arm. Subsequently, it was put in the initial arm for a new trial.
The time limit for entry into one of the arms was 300 s. Rats were
trained until the learning criteria was reached, which consisted of
100% correct choices in at least three sessions of six trials per day
or 20 trials without any errors (Mendes et al., 2007).2.7. Statistical analysis
Data are expressed as the means7standard error of mean
(mean7SEM). One-way ANOVA followed by Tukey’s test was
used in the restriction- and cold-induced stress tests and in the
T-maze test. In the self-analgesia induced by restraint stress test,a (collected in December/2006) and the roots of the BST0298 extract (collected in
derivative; and (4) taxifolin derivative.
Table 1
Phenolic compound contents obtained by HPLC-DAD from Heteropterys tomentosa
samples.
Extracts Catechin Taxifolin Rutin Chlorogenic acids
L.I.G. Paula-Freire et al. / Journal of Ethnopharmacology 145 (2013) 647–652650the Kruskal–Wallis test followed by the Mann–Whitney test was
used to analyze intergroup differences, and the Friedman test
followed by the Wilcoxon test was used to analyze intragroup
differences (repeated measures). Signiﬁcant differences were
considered when po0.05.Roots 0.1470.01 0.3370.02 0.00 0.00
Branches 0.00 0.0670.01 0.00 0.00
Leaves 0.1970.01 0.00 0.1370.01 0.5270.01
Roots (BST0298) 0.1670.01 0.3770.04 0.00 0.00
Fig. 2. Response times of mice that were treated orally with extracts from
Heteropterys tomentosa for 7 days and subjected to the hot plate test before and
after being subjected to restriction-induced stress. SC¼stressed control;
NSC¼non-stressed control. Values are expressed as the mean7SEM. (*) Signiﬁ-
cantly different from SC at time 0 (immediately after stress), po0.05 (Kruskal–
Wallis test followed by the Mann–Whitney test) and (#) signiﬁcantly different
from the corresponding basal measure (intragroup), po 0.05 (Friedman test
followed by the Wilcoxon test, n¼10).3. Results
3.1. Phytochemical analysis
3.1.1. Characterization tests and TLC
The phytochemical characterization tests and TLC indicated
the presence of saponins, hydrolysable tannins, ﬂavonoids, poly-
phenols and triterpenoids in all three extracts (roots, branches
and leaves). Alkaloids, coumarins, lignans, iridoids, and naphtho-
quinones were not identiﬁed by these methodologies.
3.1.2. HPLC
In the present paper, ﬂavonoids, whether they are aglycones or
glycosides, are referred to as the respective aglycon. As example,
all rutin derivatives are designated as ‘‘rutin’’. Although they are
composed of several isomers, all chlorogenic acids are designated
as ‘‘chlorogenic acid’’.
The analysis performed on the roots, branches and leaves
revealed different proﬁles for each extract (Fig. 1). Taxifolin was
detected in the root and branch extracts but was not found in the
leaf extract. In the branches, however, catechin was not detected,
while it was present in the roots and leaves. Rutin and chloro-
genic acid were also found in the leaves but were absent in the
other extracts (Table 1).
The proﬁle obtained from the roots collected for this study is
generally similar to the standardized extract BST0298 used in
previous studies. In regard to the phenolic compounds, the
catechin and taxifolin contents were slightly higher in the
BST0298 extract, 10% and 22%, respectively (Fig. 1 and Table 1).
3.2. Pharmacological tests
3.2.1. Initial pharmacological screening
All three extracts showed a similar pharmacological proﬁle;
they induced a decrease in motor activity in animals treated with
the highest dose (1000 mg/kg) and a slight stimulant effect at the
lower dose (10 mg/kg). These effects, however, disappeared after
120 min of administration. No death was observed in the tested
animals.
3.2.2. Self-analgesia induced by restraint stress
The data from Fig. 2 show that the basal response of mice to
the thermal stimulus was similar in all groups. The restriction
protocol induced a self-analgesia status in the stressed control
(SC) mice, as observed by the increase in latency to respond to the
thermal stimulus compared to the basal response and to the
response of the non-stressed control (NSC) group. Among the
animals treated for 7 days with Heteropterys tomentosa extracts,
only those treated with 100 mg/kg of root extract showed a
statistically signiﬁcant increase in the latency compared to
the basal response. However, none of the groups treated with
Heteropterys tomentosa differed from SC, possibly because of the
mild effect and large observed variability.
3.2.3. Restriction- and cold-induced stress
The data from Table 2 show that the stress protocol was able
to induce ulcer formation and increase ACTH and corticosterone
levels in stressed-control (SC) rats compared to the non-stressed
control (NSC) rats. Animals treated with the three differentextracts of Heteropterys tomentosa for 14 days, however, did not
show any protection with respect to the index and degree of
ulcers compared to the SC group. There was no signiﬁcant
reduction in ACTH or corticosterone levels with Heteropterys
tomentosa administration.
Similarly, none of the extracts was able to modify the stress
effect on the adrenals or the spleen weight (Table 3) compared to
the SC group. The thymus weight reduction was not statistically
signiﬁcant for any group.
3.2.4. Learning in the T-maze test
As shown in Fig. 3(A), the old control group did not differ from
the young control group in the number of sessions required to
reach the learning criteria, despite a slightly higher mean. The
groups treated with the root and branch extracts at 50 mg/kg, in
contrast to what would be expected to a nootropic drug, required
more sessions to reach the learning criteria compared to the
young control group but not compared to the old control group.
Regarding the time needed for acquisition of the task, includ-
ing all trials (Fig. 3B), there was no difference between the old
control group and the group treated with the branch extract
compared to the young control group. Again, old rats treated
with the root extract exhibited worse performance than the
young group.4. Discussion and conclusion
Heteropterys tomentosa is a species widely used in Brazilian
popular medicine and has the potential to be explored by the
pharmaceutical industry (Mendes and Carlini, 2007; Coelho et al.,
2011). Currently, the active components are almost exclusively
Fig. 3. (A) Number of sessions and (B) total time of all trials needed to achieve the
learning criteria in the right–left discrimination test in the T-maze for old or young
control rats and old rats treated orally with root and branch extracts from
Heteropterys tomentosa at the dose of 50 mg/kg. Values are expressed as the
mean7SEM. (#) Signiﬁcantly different from young control, po 0.005 (ANOVA
followed by Tukey’s test, n¼1214).
Table 3
Target organ weight from rats that were treated orally with different extracts from
Heteropterys tomentosa for 14 days and subjected to stress for 7 consecutive days.
SC¼stressed control; NSC¼non-stressed control. Values are expressed as the
mean7SEM.
Group Dose (mg/kg) Adrenals (mg) Spleen (mg) Thymus (mg)
SC – 16.871.3 245.8725.2 70.075.1
NSC – 13.070.6n 410.5728.6n 98.4711.5
Roots 100 16.971.1 301.3753.3 70.273.1
Roots 300 17.371.0 246.7719.5 79.278.3
Branches 100 18.270.6 313.6736.4 87.578.2
Branches 300 18.770.8 256.6723.1 79.379.4
Leaves 100 17.470.7 234.5721.7 70.875.2
Leaves 300 19.171.1 256.978.7 66.374.8
n Signiﬁcantly different from SC, po0.05 (ANOVA followed by Tukey, n¼8).
Table 2
Degree, index of ulceration and plasma levels of ACTH and corticosterone from
rats that received oral administration of the three extracts of Heteropterys
tomentosa for 14 days and were subjected to stress for 7 consecutive days.









SC – 3.170.4 23.673.4 861.0767.2 1092.1769.3
NSC – 0.970.1n 6.472.0n 54.6713.0n 38.979.9n
Roots 100 3.670.5 24.974.9 835.9765.8 946.3773.4
Roots 300 3.970.4 27.475.0 608.0777.3 981.1772.4
Branches 100 3.070.6 17.072.9 985.5756.2 1172.97146.4
Branches 300 3.170.6 19.174.2 899.97111.2 1020.57125.3
Leaves 100 3.270.6 19.773.7 810.7731.0 1165.57116.1
Leaves 300 4.170.6 27.374.3 899.5762.8 1210.57100.4
n Signiﬁcantly different from SC, po0.05 (ANOVA followed by Tukey, n¼8).
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population because root removal leads to plant death. The present
comparative study of the hydroalcoholic extracts from different
parts of Heteropterys tomentosa aimed to evaluate their prelimin-
ary phytochemical and pharmacological proﬁles and possible
toxicological effects in rodents. Subsequently, because it is popu-
larly used in a manner similar to typical adaptogens, its adapto-
genic activity was investigated using speciﬁc tests in animals.
Many compounds have been described to have adaptogenic
properties, notably triterpenoids (saponins) and phenylpropane
derivatives (Dadydov and Krikorian 2000). In this study, saponins
were detected by the foam test. Tannins, ﬂavonoids, polyphenols
and triterpenoids were also detected in the three parts of the
plant, while alkaloids were not found in either the three parts of
the plant or in the BST0298 extract by TLC. Previous studies
revealed the presence of nitrogen compounds in Heteropterys
tomentosa extracts by other techniques (Roman Junior et al.,
2005; Coelho et al., 2011), although these have not been eval-
uated in terms of their adaptogenic activity.
In this study, old rats pre-treated for 80 consecutive days with
50 mg/kg of Heteropterys tomentosa root and branch extracts had
no improvement in learning, as evaluated by the T-maze test. This
result is contrary to those found in previous studies with the
BST0298 extract (Galv~ao et al., 2002, 2011).
The discrepancy between these results and those obtained by
Galv~ao et al. (2002, 2011) may be due to differences in the
chemical composition of the extracts because they were not
collected in the same region. Some compounds had different
concentrations and were slightly higher in the BST0298 extract,
despite the similarity in the chromatographic proﬁle from both
botanical materials. Furthermore, the HPLC methods do not detectall constituents such as alkaloids. Because the active compounds
responsible for the pharmacological activity of Heteropterys
tomentosa are unknown, it is possible that they were present in
lower concentrations or absent from the material used in this
study. According to Maciel et al. (2002), soil fertility, humidity,
solar radiation, wind and temperature are among the environ-
mental factors responsible for changes in the chemical constitu-
ents in plants. Other factors such as plant age and collection time
can also contribute to these changes. The botanical material for
this study was collected in December/2006 in Mato Grosso do Sul
state, which has the same biome as the collection site used for the
studies of Galv~ao et al. (2002). However, there were differences in
the collection time (March/1996 for the BST0298 extract).
Animal and biochemical models for screening adaptogenic
plants must consider the capacity to induce a non-speciﬁc
increase in stress resistance. Stressful stimuli activate the
hypothalamic–pituitary–adrenal axis (HPA), promote an increase
in glucocorticoid secretion and affect many physiological pro-
cesses. Chronic stress induces adrenal hypertrophy, a reduction in
spleen and thymus size and immunosuppression (Engelmann et al.,
2004; Marin et al., 2007). The test performed by subjecting animals
to restriction during the morning and in a cold chamber at 10 1C
during the afternoon conﬁrmed these physiological alterations.
L.I.G. Paula-Freire et al. / Journal of Ethnopharmacology 145 (2013) 647–652652A gain in adrenal weight, a reduction in spleen size, an induction of
stomach ulcers and an increase in the plasma levels of ACTH and
corticosterone were observed. Treatment with different plant
extracts could not, however, protect animals from the changes
promoted by stress. This result suggests that pre-treatment with
extracts was not capable of modulating hormone release from the
HPA axis.
The physical restriction-induced self-analgesia test assumes
that stress promotes antinociception in animals that are sub-
mitted to pain due to an increase in endorphin release (Suh et al.,
2000; Bogdanov and Yarushkina, 2007). Because the expected
effect of an adaptogen is to inhibit the stress response, these
models can be used as an indirect method to evaluate adapto-
genic activity. Animals treated with an adaptogen should produce
a ‘‘normal’’ nociceptive response after stress. In contrast to that
observed for the SC group, the animals treated with Heteropterys
tomentosa (excluding the dose of 100 mg/kg of root extract) did
not exhibit statistically signiﬁcant differences in the response
time between measurements before and after the stress. This
effect however was not dose-dependent, and the groups did not
differ from the stressed control group. Therefore, based on these
results, it is not possible to conﬁrm that the extracts inhibit the
effects of stress.
The tests employed in this study evaluated the effects of
Heteropterys tomentosa extracts in animal models of stress and
learning/ memory. Since there is no standard drug used as
positive control (reference substance) in these tests, we included
extra groups of non-stressed control and young control as a
reference of normal performance. Studies with plants considered
to be classic adaptogens, such as ginseng (Panax ginseng C.A.
Meyer), Eleutherococcus senticosus (Rupr. & Maxim.) Maxim. And
Rhodiola rosea L., exhibited positive pre-clinical and clinical effects
on memory and stress (Dadydov and Krikorian 2000; Kelly, 2001;
Arushanian, 2008). However, extracts of Heteropterys tomentosa
were not effective in any of the models employed in this study.
In conclusion, tests conducted to evaluate the pharmacological
activity of Heteropterys tomentosa extracts produced no evidence
of adaptogenic activity. Additionally, signiﬁcant differences in the
analyzed metabolite proﬁles were not found between the roots,
branches and leaves.Acknowledgments
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